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Tuesday, February 10, 2015 435aresults in enhanced glucose-stimulated insulin secretion (GSIS). These data
provide compelling evidence that TALK-1 influences GSIS by limiting excit-
ability, and suggests a novel mechanism for phospholipid-dependent regulation
of beta-cell Ca2þ entry.
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VPU of HIV has been verified as a channel-forming protein by experiment. The
self-assembly process and the oligomer state of VPU are not clear. We use
coarse-graining molecular dynamics simulation to study the full-length chan-
nel-forming protein VPU in lipid bilayer. The full-length of VPU was con-
structed by linking the cytoplasm and transmembrane domain solved by
NMR. We put different number of VPUs 2, 3, 4, 5 or bigger amount 16, 32
in simulation box. Our results show several binding sites and the oligomer
state. In those simulations, the four VPUs form a symmetric bundle which is
close to the channel structure. The tetramer was seem to form via a dimer.
Not only transmembrane domain but also cytoplasm domain was involved in
self-assembly.
2185-Pos Board B322
Kir2.1 Channels Compensate for the Loss of KATPChannels in SUR1 Null
Islets
Suryakiran Vadrevu1, Jinhua Ren1, Min Zhang2, Eric J. Glynn1,
Arthur Sherman3, Leslie S. Satin1.
1Pharmacology, University of Michigan, Ann Arbor, MI, USA,
2Pharmacology and Toxicology, Virginia Commonwealth University,
Richmond, VA, USA, 3NIDDK, National Institutes of Health, Bethesda,
MD, USA.
Pancreatic islets of SUR1-/- mice exhibit electrical oscillations even though
they lack KATP channels. However, while we confirmed that electrical oscil-
lations persisted in freshly isolated SUR1-/- islets, after overnight culture
in media containing 11.1 mM glucose, SUR1-/- islets exhibited continuous
spiking in place of oscillations, as has been observed in human congenital hy-
perinsulinemia (CHI). Microarray analysis suggested upregulation of kcnj2, the
gene encoding the inward rectifier Kir2.1, in SUR1-/- islets. To test whether
Kir2.1 was upregulated in SUR1-/- islets islet lysates were immunoblotted
for Kir2.1 protein. Kir2.1 was expressed in mouse and human islets and
increased in lysates from freshly isolated SUR1 islets. Using patch clamping,
we found that an inwardly rectifying K current was present in freshly isolated
SUR1-/- islets that was absent in wild type islets. This current was sensitive to
the Kir2.1 inhibitors ML133 and barium. Notably, rectifying current, enhanced
Kir2.1 protein levels, and the expected Kir2.1 drug sensitivity were all lost
along with oscillations after overnight culture in media with 11.1 mM glucose.
Similar results were found using fura-2 loaded islets to examine Ca2þ oscilla-
tions. To test whether the suppression of Kir2.1 activity in cultured islets was a
response to culture in high glucose, islets were cultured in 5 mM instead of 11.1
mM glucose. Lowering glucose preserved Kir2.1 protein and maintained the
islet oscillations. These results show that the loss of KATP channels produced
by deleting SUR1 is at least partially compensated for by the upregulation of
Kir2.1 channels in mouse beta cells. We propose pharmacological activation
of compensatory Kir2.1 channels as a novel way to inhibit the unrestrained
insulin secretion characteristic of beta cells from human CHI patients.
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The calcium-activated chloride channel (CaCC) regulator (CLCA) proteins
were so named because their expression leads to generation of calcium-
dependent chloride currents (ICaCC) in mammalian cells; however, the molec-
ular identity of the channel(s) mediating these currents, and the mechanisms
through which CLCA1 regulates their activity, have remained unknown. In a
previous study, we showed that human CLCA1 is a secreted self-cleaving zin-
cin metalloprotease, and the resulting N-terminal fragment increases ICaCC den-
sity in HEK293T cells (J. Biol. Chem. 287, 42138-49, 2012). Here, we found
that the same type of currents are activated in untransfected cells co-cultured
with CLCA1-transfected cells or exposed to CLCA1-conditioned medium,
indicating that secreted CLCA1 can activate ICaCC in a paracrine fashion.Because CLCA1 and the CaCC TMEM16A (Anoctamin 1) are expressed
in the same tissues, such as the airway epithelia, and are upregulated in the
same pathologic states, such as asthma and COPD, we tested the hypothesis
that CLCA1-modulated currents are carried by TMEM16A. We observed
that CLCA1-induced whole-cell ICaCC in HEK293T cells overexpressing
the protein is blocked in the presence of TMEM16A-specific inhibitors
T16Ainh-A01 and N-((4-methoxy)-2-naphthyl)-5-nitroanhtranilic acid, and
silenced in the presence of TMEM16A siRNA. By means of live cell flow
cytometry assays using a novel fluorescent CLCA probe, we demonstrate
that CLCA1 and TMEM16A physically interact at the cell surface, and our
real-time qPCR, immunohistochemistry and confocal microscopy data suggest
that CLCA1 drives TMEM16A surface expression. These results identify
CLCA1 as the first secreted direct mediator of TMEM16A activity, and suggest
that CLCA1 and TMEM16A operate together to generate ICaCC in multiple
tissues.
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CFTR is an epithelial chloride channel that controls hydration of multiple
epithelia. It is well established that CFTR is regulated by phosphorylation of
its Regulatory (R) domain and binding of ATP to its nucleotide binding do-
mains (NDBs). In addition, evidence exists that sphingolipid metabolism
may directly modulate CFTR activity. Specifically, it was shown that catalysis
of sphingomyelin (SM) by sphingomyelinase (SMase) inhibits CFTR in Xeno-
pus laevis oocytes. The mechanism by which the generation of ceramide
inhibits CFTR is not known and the goal of this study is to elucidate the events
leading to inhibition of CFTR chloride channel function following SMase-
mediated catalysis of SM. We set out to test whether common ceramide-
mediated events were responsible for CFTR inhibition. We first tested whether
CFTR inhibition was the result of internalization by measuring the
pH-sensitivity of fluorescence of externally-tagged GFP-CFTR and found
that SMase treatment did not lead to massive internalization of CFTR. To deter-
mine whether CFTR inhibition resulted from alteration of ceramide-sensitive
scaffolding proteins, for example ERM proteins, we tested whether a CFTR
construct lacking a PDZ domain (DPDZ-CFTR) is sensitive to SMase-
mediated inhibition. Indeed, currents in DPDZ-CFTR expressing oocytes
with purified SMase resulted in a disappearance of chloride current. Interest-
ingly, we found that SMase did not inhibit CFTR currents in excised inside-
out patches. Taken together, these data suggest that SMase inhibits CFTR at
the cell surface in a PDZ-independent manner and requires cytosolic signaling
components. Support provided by NIH5R01DK075016.
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Gating mechanism is one of the most important problems in the study on ion
channels. Despite the important achievement of the high-resolution structures
of several Kþ channels, the gating mechanism underlie the conformational
change is still unclear. Here we employ the all-atom simulation method to study
the gating ring of Mthk, a Ca2þ-activated Kþ channel, with a long time of 2 ms.
we find two kinds of important Ca2þ binding sites. One plays a significant role
in the stabilization of RCK structure; another one may participate in the confor-
mational change of the gating ring structure and have a direct relation with the
mechanism of gating. Morever, two arginines R132, R135 nearby the Ca2þ
binding site E133, E258,E259 play a key role the process of conformational
change.
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Ca2þ activated Cl- channel ANO1 (TMEM16A) is one of the most recently
discovered pro-algesic ion channels expressed in peripheral sensory neurons.
In these neurons ANO1 is specifically activated by Ca2þ release from intracel-
lular stores in response to inflammatory mediators such as bradykinin (BK). In
addition, ANO1 is also activated by noxious heat in the temperature range that
is similar to that of the heat sensor TRPV1. As TRPV1 is permeable to Ca2þ,
there is an intriguing possibility that both channels can function in a coordi-
nated fashion thus increasing the dynamic range of response to noxious heat.
In order to investigate activation of ANO1 in nociceptors by intracellular
436a Tuesday, February 10, 2015Ca2þ signals we developed a single-cell imaging approach that allows simulta-
neous monitoring of Cl- channel activity and intracellular Ca2þ concentration
in cultured dorsal root ganglion (DRG) neurons using simultaneous imaging
of halide-sensitive H148Q/I152L EYFP mutant and fura-2. We investigated
activation of Ca2þ-activated anion conductance in DRG neurons in response
to i) Ca2þ release from the IP3-sensitive intracellular stores induced by BK;
ii) Ca2þ influx through the TRPV1 channels activated by capsaicin (CAP)
and iii) Ca2þ influx via the voltage-gated Ca2þ channels (VGCC) induced by
depolarization with extracellular solution containing 50 mM KCl (HK). Both
BK and CAP produced large Ca2þ transients and caused significant quenching
of YFP fluorescence. The onset of the YFP response to CAP was delayed as
compared to the response to BK, possibly reflecting a shallower Ca2þ transient.
Consistent with previous finding, activation of VGCC was least efficacious in
activating CaCC and in approximately two thirds of neurons the YFP quench-
ing was indistinguishable from the baseline rundown even despite strong Ca2þ
transients produced by HK. Our results suggest that ANO1 in DRG neurons is
preferentially coupled to colocalised Ca2þ sources.
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Membrane lipids serve as second messengers and docking sites for proteins and
play central roles in cell signalling. A major question about lipid signaling is
whether diffusible lipids can selectively target specific proteins. One family
of lipid-regulated membrane proteins is the TREK subfamily of K2P channels:
TREK1, TREK2, and TRAAK. We investigated the regulation of TREK chan-
nels by phosphatidic acid (PA), which is generated by Phospholipase D (PLD)
via hydrolysis of phosphatidylcholine. We found that, even though all three of
the channels are sensitive to PA, only TREK1 and TREK2 are potentiated by
PLD2 and that none of these channels is modulated by PLD1, indicating
surprising selectivity. We find that PLD2, but not PLD1, directly binds to the
C-terminus of TREK1 and TREK2, but not to TRAAK. The results lead to a
model for selective lipid regulation by localization of phospholipid enzymes
to specific effector proteins. Finally, by using the photoswitchable conditionnal
subunit method to endow light sensitivity to the native TREK1 channels, we
show that regulation of TREK channels by PLD2 occurs natively in hippo-
campal neurons.
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BK channels consist of pore-forming, voltage- and Ca2þ-sensing a-subunits
(BKa), either alone or together with tissue-specific auxiliary b-subunits
(b1-b4) or g-subunits. The newly identified g-subunits are a group of leucine-
rich repeat (LRR)-containing membrane proteins which contain a single
transmembrane (TM) segment, a short intracellular C-terminal tail (C-tail),
an N-terminal signal peptide, and a relatively large extracellular LRR domain.
Theg1 subunit (LRRC26), so far themost potent activator ofBKchannels, shifts
the channel’s voltage dependence of activation in the hyperpolarizing direction
by ~140 mV. We investigated the role and mechanism of the g1 TM domain in
BK channel activation. We identified key amino acid residues in the g1 hydro-
phobic TM region involved in BK channel activation.We found that a minimum
of 3 positively-charged residues on the intracellular sides of TMsegment are also
required to maintain the g1 subunit’s full modulatory function, which likely act
through stabilization of the TMdomain for proper associationwithBKchannels.
We also found that the single TM segment and its capping charged residues can
fully retain the g1 subunit’s BK channel-activating efficacy. We conclude that
the TM domain is a major contributor to the potent channel-activating efficacy
of the BK channel g1 subunit.
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Tong University, Shanghai, China.Phosphatidylinositol 4, 5-bisphosphate (PIP2) regulates numerous ion channels,
including large-conductance Ca2þ- and voltage-dependent Kþ (Slo1 BK) chan-
nels (Vaithianathan et al. 2008, J Gen Physiol 132:13-28). We examined the
molecular and biophysical mechanisms of the effects of PIP2 on human Slo1
BK channels with different auxiliary subunits heterologously expressed in
HEK cells. In the absence of heterologously expressed auxiliary subunits,
bovine brain PIP2 (10 mM) applied to the cytoplasmic side inhibits currents
through Slo1 channels. This inhibition is associated with a shift in GV by
18 mV and deceleration of the activation kinetics at positive voltages. In
contrast, PIP2 markedly increases currents through Slo1þb1 and hSlo1þb4
channels by shifting their GV curves by 46 mV and 34 mV, respectively.
The stimulatory effect of PIP2 on Slo1þb1 channels does not require Ca2þ-
sensor activation or voltage-sensor activation. Currents through Slo1þb2 chan-
nels with a deletion in the N terminus of b2 to remove inactivation (D2-19) are
not enhanced by PIP2 but neutralization of 3 negatively charged residues in the
b2 D2-19 N terminus introduces a modest effect of PIP2. In Slo1þb1/b4, PIP2
accelerates the macroscopic activation kinetics at positive voltages and decel-
erates the macroscopic deactivation kinetics at negative voltages, but in
Slo1þb2 D2-32 PIP2 has no effect on the deactivation kinetics. Measurements
using chimeric b1-b2 subunits show that the second transmembrane domain
and the C terminus of b1 is important for the large electrophysiological changes
in Slo1þb1 channels caused by PIP2. Furthermore, Slo1 329RKK331, b1 R11,
and b1 T14 are also critical to confer the effects of PIP2. Supported in part
by the NIH, DFG HE 2993/8, and Shanghai Science and Technology
Commission.
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The regulation of ion channels is critical to numerous physiological processes,
especially neuronal function. The large conductance voltage and calcium-
activated potassium (BK) channel can modulate neuronal excitability, neuro-
transmitter release, and may be involved in the development of epilepsy;
following a seizure, hippocampal BK channels are more highly trafficked to
the plasma membrane. In addition to the pore-forming alpha subunits, which
are sufficient to confer channel function, Beta subunits can be incorporated
to alter gating and trafficking. Studies of the brain-specific Beta4 subunit
effects on surface expression have produced conflicting results, likely due to
alternative splicing in the alpha subunit. Fluorogen-activating peptides
(FAPs) developed in our lab are well-suited to study protein trafficking; con-
sisting of a ScFv-derived fusion tag and fluorogen dyes added to the cellular
media, the association of these two cognate parts results in bright, specific fluo-
rescence. By using a FAP-tagged BKa construct and a pair of fluorogen dyes,
we have developed a method for two-color labeling of surface-resident and
intracellular BK channels in live cells, allowing for rapid analysis of protein
localization by flow cytometry and direct imaging. Using this system in stably
expressing HEK293 cells, we found that modulation of the C-terminal region
by kinase activity exerted strong changes in surface expression. Taken together
with previous observations that these same kinases alter channel gating, this
provides a synergistic model for BK-mediated hyperexcitability. A common
confound in BK channel research is due to the vast number of splicing isoforms,
each having different sensitivities to post-translational modifications. To that
end, we are currently generating a knock-in mouse model in which our FAP-
tagged BKa is included in all splice variants to examine trafficking changes
in Vivo as well as analysis of the behavior of single channels.
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Ion channels are proteins that reside in phospholipid bilayers and conduct ions
through their trans-membrane pore. Studying the dynamics of interaction be-
tween the channel, phospholipids, water and ions is fundamental to understand-
ing ion channel function. We are using a combination of molecular dynamics
simulations and functional tools to gain insight into K2P (Two Pore-domain
Potassium Channel) function. By initially observing wetting and dewetting
transitions in the inner pore of TWIK-1 (K2P1) channels during MD simula-
tions and by subsequently combining in silico and in vitro mutagenesis and
